ABSTRACT: We conducted field surveys of rocky intertidal communities at 18 sites distributed between 29°S and 36°S on the coast of central Chile in order to document broad patterns of functional and trophic group abundance and evaluate their association with oceanographic features. Results showed that the main sessile components of the landscape throughout the region were kelps (16%) and crustose algae (48%) in the low intertidal zone, while mussels beds (30%) and corticated algae (32%) dominated the mid-intertidal zone. Geographic trends in abundance across the entire region varied from no clear regional patterns for some groups (e.g. barnacles), to smooth gradients increasing or decreasing toward higher latitudes for others (kelps and ephemeral algae) and to an abrupt switch from dominant to scarce northward of 32°S in 1 group (mussels). Significant among-site negative correlations were detected between the abundances of most algal functional groups and between mussels and barnacles. Herbivore density was negatively correlated with kelp and corticated algal cover, and positively correlated with crustose algal abundance. These correlations reinforce the notion that local biological interactions can partially account for the among-site variability in functional group abundance. We assessed the influence of mesoscale oceanographic features through satellite image analyses, by classifying the study sites as either strongly or weakly influenced by coastal upwelling. At sites strongly influenced by upwelling, we found significantly higher cover of kelps in the low intertidal zone and of corticated algae in the mid-intertidal zone. Cover of ephemeral algae in the mid-intertidal zone was significantly lower at sites strongly affected by upwelling. Contrary to predictions of bottom-up community regulation models, we found no significant differences in abundance of sessile filter feeders (mussels or barnacles), herbivores or carnivores. A significant proportion of the regional variation in abundance in some of the most abundant functional groups within each tidal level was associated with the latitudinal gradient in annual mean sea surface temperature (SST). We detected a significant correlation between SST and the abundance of kelps and crustose algae in the low intertidal zone, and mussels and ephemeral algae in the mid-intertidal zone. The abrupt change in the abundance of mussels in the mid-intertidal zone at about 32°S may indicate a similarly abrupt change in biological or environmental conditions. Lack of significant correlation between the abundance of mussels and other functional groups suggests that biological interactions may not be responsible for this geographic discontinuity. We suggest that oceanography may be largely involved in the geographic variability detected in patterns of community structure. Recent remote sensing studies documenting oceanographic discontinuities around the 32°S zone support our suggestion. Our results highlight the need for further experimental and oceanographic studies in areas where strong biophysical gradients are observed. Such areas may well reflect the existence of steep oceanographic gradients sensitive to large-scale environmental forcing.
INTRODUCTION
Characterization of processes operating at different spatial and temporal scales and how these processes interact to form ecological patterns has become a central focus in contemporary ecological research (Ricklefs 1987 , Levin 1992 . Over small (local) spatial scales of O(1 to 100 m 2 ), experimental manipulation has provided considerable insight into local ecological dynamics (e.g. Connell 1974 , Paine et al. 1985 , Menge 1992 , Navarrete 1996 , while traditional biogeographic studies at larger scales of O(10 2 to 10 3 km) have provided perspectives of the processes influencing whole assemblages (e.g. Santelices 1980 , Gaines & Lubchenco 1982 , Brättstrom & Johänssen 1983 , Bustamante & Branch 1996 , Brown & Lomolino 1998 . Between local and biogeographic scales, there is a suite of processes the effects of which on patterns of community composition and species abundance are apparent only when sites spread over O(10 to 100 km) are compared (Gaines & Bertness 1992 , Bustamante et al. 1995a ,b, Archambault & Bourget 1996 , Menge et al. 1997a ,b, Archambault et al. 1999 , Leonard 2000 . These processes have only recently begun to receive the attention of marine ecologists and have yet to be integrated with information derived from local and biogeographic studies (Menge & Olson 1990 , Connolly & Roughgarden 1998 . Analyses of processes across this spatial scale (i.e. mesoscale) hold the promise of providing a framework with which results of localscale studies could be used to make predictions about community responses across large-scale environmental gradients.
Local-scale experimental studies in several comparable geographic locations (i.e. temperate rocky shores) have generated numerous testable hypotheses regarding how interspecific interactions determine temperate rocky intertidal community structure. For example, at low tidal levels, experimental manipulations have demonstrated the existence of strong competitive interactions between corticated algae and kelps, whereby both functional groups can be the dominant space occupiers over crustose algal forms (e.g. erect fleshy algae over encrusting calcified algae; see Lubchenco & Gaines 1981 , Santelices 1990 , Steneck & Dethier 1994 , for reviews). Competitive hierarchies can be altered by herbivory. Under high consumer pressure, crustose algae (mostly calcified forms) replace kelps or corticated algae as the dominant space occupiers in the low intertidal zone (Lubchenco & Gaines 1981 , Sousa et al. 1981 , Branch & Moreno 1994 . Experimental manipulations have repeatedly demonstrated that mussels can be the dominant competitors for space at mid tidal levels, capable of smothering and excluding algae and other sessile organisms from the primary substratum (e.g. Paine 1966 , Menge 1976 , Paine et al. 1985 , Navarrete & Castilla 1990b , Menge et al. 1994 . The abundance of dominant sessile functional groups can also be modulated by carnivores, through cascading top-down effects of seastars and predatory gastropods (Paine 1974 , Menge 1976 , Castilla & Durán 1985 , Paine et al. 1985 , Castilla & Paine 1987 , Navarrete 1996 , Navarrete & Menge 1996 .
Over continental scales, patterns of functional group abundance have been suggested to vary following environmental gradients, such as the latitudinal variation in solar irradiation (e.g. Gaines & Lubchenco 1982 , Brown & Lomolino 1998 . However, very few empirical tests of patterns of intertidal community structure have been carried out over continental scales (Bustamante et al. 1995b , Bustamante & Branch 1996 . In contrast, several recent studies have demonstrated that mesoscale oceanographic processes, acting over O(10 to 100 km), can influence the local dynamics of marine populations and communities (Bertness et al. 1991 , Menge 1992 , 1997a , Menge et al. 1994 , 1997a , Bustamante et al. 1995a ). These studies have led to the hypothesis that differences in nutrients and/or chlorophyll concentrations, forced by the upwelling of cooler, nutrient-rich waters typical in eastern boundary current systems (Hill et al. 1998) , strongly influence the local dynamics of intertidal assemblages (Bustamante et al. 1995b , Menge et al. 1997a . Similarly, offshore Ekman transport generated during upwelling events and their subsequent relaxation, is an important oceanographic process determining temporal and spatial variability in recruitment rates (Gaines & Roughgarden 1985 , Roughgarden et al. 1988 , Farrell et al. 1991 , Alexander & Roughgarden 1996 . Variability in the strength of offshore Ekman transport has been proposed to create a gradient in propagule supply of competitively dominant sessile species, accounting for differences in broad patterns of community structure between the coasts of northern California and Oregon (Connolly & Roughgarden 1998 , 1999a .
The shoreline of central Chile, between 26°S and 40°S latitude, provides an excellent opportunity to evaluate the relative importance of local-, meso-and regional-scale processes on intertidal community structure. The region is an east boundary upwelling ecosystem with a characteristic offshore, equatorward, flowing current (Peru-Chile current system; Strub et al. 1998) . A gradient in solar irradiation is evident in patterns of annual mean sea surface temperature (SST), which shows a monotonic decrease towards higher latitudes (Fig. 1a) . At the mesoscale, several persistent upwelling centers have been reported centered at 30, 32, 33, 36 and 37°S, mostly associated with coastal topography (Johnson et al. 1980 , Bernal et al. 1982 , Fonseca & Farías 1987 , Montecinos & Balbontin 1993 , Montecino et al. 1996 , Longhurst 1998 , Thomas 1999 . At local scales, experimental studies have shown the importance of interspecific competition , Navarrete & Castilla 1990a ), herbivory (Jara & Moreno 1984 , Castilla & Durán 1985 , Oliva & Castilla 1986 ) and predation (Castilla 1981 , Castilla & Durán 1985 , Castilla & Paine 1987 . Another important factor affecting Chilean littoral communities is the human exploitation of fish, invertebrates and macroalgae, which can have dramatic effects on the intertidal landscape (Moreno et al. 1986 , Castilla 1993 , Botsford et al. 1997 .
Despite a growing understanding of the general dynamics of coastal upwelling ecosystems, few studies have examined the importance of associated bottomup forces (e.g. nutrients, phytoplankton concentration) on Chilean coastal ecosystems (but see Bosman et al. 1987 , Moreno et al. 1998 , Vásquez et al. 1998 . Even fewer studies have characterized the spatial and temporal variability of coastal upwelling centers ). In the current study, we present geographic patterns of the structure of rocky intertidal communities along 8°of latitude, as a descriptive part of a longterm study on the dynamics of nearshore marine ecosystems. We examine geographic variation in community structure in relation to patterns of functional group abundances and regional and mesoscale coastal oceanography. Our purpose is to provide a number of testable hypotheses that could be evaluated with further comparative and experimental investigations. We hope that this approach could form the basis of a predictive framework in which local interspecific interactions and patterns of physical forcing can be integrated to identify the main determinants of regional patterns of community structure.
METHODS
Study sites and community structure surveys. We conducted quantitative surveys of low and mid-intertidal assemblages at 18 rocky intertidal sites spaced roughly 0.5°of latitude apart, between 29 and 36°S (Fig. 1b) . In the northern part of the study region, 3 sites were located on the coastline within latitude 29°S (El Temblador, Totoralillo Norte and El Arrayán), 2 sites within 30°S (Guanaqueros and Punta Talca), 1 within 31°S (Puerto Oscuro), and 1 within 32°S (Los Molles). Near 33°S, sampling was more intensive with 6 sites less than 30 km apart (Curaumilla, Quintay, El Quisco, ECIM (marine reserve, Estación Costera de Investigaciones Marinas), Las Cruces (outside marine reserve) and Matanzas. In the southern part of the region, 2 sites were located within 34°S (Punta de Lobos and Bucalemu), 2 within 35°S (Constitución and Pelluhue), and one within 36°S (Buchupureo).
Preliminary surveys of the majority of these study sites were conducted during austral winter 1997 to develop standard sampling methodologies and generate preliminary lists of species with reference collections (data not presented). Data presented here consist of surveys of all sites during 2 low tides in austral summer (December 1997 to March 1998) and winter (June to August 1998), except El Temblador (only winter 1998). Hazardous swell precluded the survey of the mid-zone of Quintay in summer, the low zone of Totoralillo Norte in winter and the low and mid-zones (SHOA 1996) . A latitudinal decrease in the mean and maximum SST is evident towards higher latitudes; (b) NOAA-AVHRR satellite image from November 14, 1992, depicting the presence of numerous upwelling centers along the region surveyed. Lines point out the locations of intertidal field sites surveyed of the latter site during summer (note the data missing in Figs 2 and 4a). Among-site heterogeneity of local physical conditions was minimized by selecting, wherever possible, gently sloping benches (20 to 30°) of similar morphology fully exposed to prevailing southwestern swell. Bench dimensions varied among sites, but were never smaller than ~30 × 5 m in horizontal and vertical extent respectively. The heterogeneity in bench sizes stems from the rugged topography of the exposed rocky shore in central Chile, where intertidal benches of appropriate morphology (i.e. flat) are either scarce or extremely hazardous to sample. Tidal heights selected for sampling were determined using the pervasive zonation features of the central Chilean rocky intertidal: a band of the large brown kelp Lessonia nigrescens in the low zone (ca 0.5 m MLW) and extensive cover of macroalgae and/or mussel beds in the midzone (ca 1.0 m MLW), which were present at all sites. We did not sample the high intertidal zone because of time constraints. However, the sampling design included the tidal heights at which the greatest diversity and abundance of sessile and mobile organisms are encountered.
A minimum of 8 and a maximum of 22 quadrats of 0.25 m 2 were haphazardly placed along 10 to 30 m long horizontal transects at mid-and low tidal heights along 1 rocky bench during summer 1998. In a subset of sites, a second bench 20 to 80 m away was included in winter 1998 to ensure adequate documentation of local community patterns. A nested analysis of variance (quadrats within benches and benches within sites) showed that a large proportion of the variation in abundance of individual functional groups was due to among-site differences, particularly for the main sessile groups (Table 1 ). Based on this result, bench data for each site were pooled to concentrate on regional trends. Similarly, as we did not observe a coherent seasonal response in the main sessile groups, data from summer and winter surveys were pooled to concentrate on regional trends. For each quadrat, we visually estimated percentage cover of macroscopic sessile flora and fauna with the aid of a monofilament grid of twenty-five 10 × 10 cm squares (i.e. 4% cover each). This sampling method provided an adequate and consistent estimate of abundance of common species (Dethier et al. 1993 ), but was less accurate for species of low cover (i.e. < 2 to 4%; Bustamante 1997). Due to time constraints, and because we wanted to get an estimate of total abundance, we did not distinguish between primary (on the rock surface) and secondary (on other organisms) cover of invertebrates and algae. We did distinguish between canopy cover of erect brown algae (i.e. kelps) and the primary cover of their holdfasts. Therefore, except for bare rock and kelp holdfast, cover estimates reflect total abundance of each individual species at a given site (i.e. cover could exceed 100%) and not necessarily occupancy of primary substrate.
Densities of all mobile invertebrates, including obligate epiphytic species (Scurria scurra), were obtained by counts of individuals within the 0.25 m 2 quadrat. Small limpets occurring at high densities, such as Siphonaria lessoni and Scurria spp., were subsampled in a fixed 0.04 m 2 quadrat in the top left corner of each larger quadrat. Because of their sparse distribution and large size, density estimates of the seastars Heliaster helianthus were obtained through transect counts across the entire bench (of variable length and always 1 m wide), and are presented separately from other carnivore species.
Due to the widespread human harvesting in the intertidal zone of central Chile, it was difficult to assess the degree of this impact at each of the study sites, with the exception of the marine reserve site (ECIM), where human harvesting has been excluded since 1982 (Castilla 1999) . The assumption that all other sites are impacted to a similar degree is based on observations over numerous field seasons, where activity of inter- 
obs.).
Taxonomy and functional groupings. To quantify broad compositional patterns of intertidal assemblages across the region, we examined species abundances pooled into functional groups (Table 1 ). The classification that we employed in the present study follows the main resource use strategies of the taxonomic entities encompassed by each functional group. Groupings are morphological, taxonomical or trophic, but tend to capture the ecosystem function the groups perform (Padilla & Allen 2000) . Mobile invertebrate species (i.e. consumers) were grouped according to trophic position (carnivores and herbivores), based on their reported diets (Castilla 1981 , Castilla & Paine 1987 , Soto 1996 . Sessile invertebrates (benthic filter-feeders) were classified by taxonomy, as it represents prevalent competitive hierarchies in space-use patterns (mussels and barnacles). Algae classification mainly follows Steneck & Dethier's (1994) scheme, although we combined some of their functional groups under single ones, after confirming that separately they followed similar trends (foliose and filamentose algae under ephemeral algae, and fleshy and calcified crustose algae under crustose algae). Our algal classification scheme largely encompasses the distinctive ecological patterns commonly observed in the Chilean intertidal ecosystem, where a few species account for a large proportion of the landscape pattern (see 'Results'). Due to taxonomic uncertainties in the field and to avoid destructive sampling, some species were combined as genera in the analysis, providing an underestimate of species richness.
Data analysis. As a first step towards examining the role of local interspecific interactions as a structuring agent within these communities, we measured the degree of correlation (Spearman's rank, r S ) among the local abundances of sessile functional groups. In this case, rank correlations were preferred over parametric correlations because we were interested in simple trends of the form: 'where there are more predators there are less prey'. Correlations between sessile functional groups and herbivores employed functional group abundances within each tidal height separately (i.e. see Fig. 4a ,b). Carnivore abundance data were pooled across tidal heights, due to their low densities and high mobility over the tidal range examined.
To evaluate the influence of mesoscale physical processes, we classified our study sites as strongly or not strongly influenced by local coastal upwelling. The classification followed results from analysis of 15 NOAA-AVHRR (National Oceanic and Atmospheric Administration -Advanced Very High Resolution Radiometer) SST images, available through the upwelling season of 1992/1993 (austral spring to summer). As a simple means of classification of upwelling sites, we calculated the difference between SST roughly 2 km offshore with that ~25 km and ~50 km offshore. For a given site, a consistent and significant negative SST differential (50 km SST and 25 km SST minus 2 km SST) over all images analyzed at the 3 different spatial resolutions (25, 50 and 100 pixels) was interpreted as the presence of cold water advected by coastal upwelling near the coast in front of the site. A homogeneous pattern of inshore-offshore SST (difference close to 0) or warmer inshore water was considered as evidence of weak upwelling. Classification of sites through satellite images has been corroborated by temperature records from in situ temperature loggers deployed at 10 of the study sites for the past 3 yr (Navarrete unpubl. data) . Using a 1-way ANOVA, we compared functional group abundance patterns according to the influence of coastal upwelling across sites.
To examine regional trends in abundance, we performed rank-order correlations of local functional group abundances and SST. Rank-correlation analyses were chosen after visual inspection of normal probability plots of arcsine and square-root transformed data still evidenced large departures from normality. Historical annual mean SST was calculated from data on monthly means (1930 to 1991), available over square degrees of latitude from on-board 0 m measurements (SHOA 1996) . A highly significant relationship was observed between latitude and SST (r 2 = -0.93, p < 0.0001, n = 8) within the region examined (29 to 36°S). A consequence of the collinearity between SST and latitude is that statistical analyses performed through correlations with SST yield identical conclusions with latitude. Following this result, trends in abundance presented in relation to SST are interchangeably interpreted as geographic trends in the 'Results' section (i.e. negative correlations with SST represent southward increases in abundance). LOWESS smoothing on SST-functional group abundance scatterplots was utilized to explore geographical structure in abundance patterns (Neter et al. 1996 , Legendre & Legendre 1998 . We only present results of correlations with SST, as we considered temperature a more biologically meaningful variable than geographic position. Low SST is also coupled to increased nutrient and pigment concentrations (Dayton et al. 1999 , Goes et al. 2000 and is associated with long-and cross-shelf advection of surface waters (Hill et al. 1998 , Longhurst 1998 . The site within the marine reserve (ECIM) was not included in these analyses, since patterns of community structure at this site are known to be notably different due to the exclusion of intertidal fishers (Castilla 1999) .
RESULTS
In these surveys, 101 putative species (of which 92 were actually identified to species), belonging to 62 genera were recorded (Table 2) . Numerically, richness of sessile species was dominated by macroalgae and the mobile assemblage by gastropods. A more detailed analysis of species richness and species composition within the region will be presented elsewhere.
Patterns of functional group abundance
In terms of individual functional groups, kelps (Lessonia and Durvillaea antarctica) and crustose algae (mostly Hildenbrandia and Lithothamnion) were the most conspicuous components of the low intertidal landscape (Fig. 2) . Another important component of primary and secondary cover in the low zone was corticated algae (mostly Gelidium spp.), which on average accounted for 11.5% of the low intertidal cover. Less abundant functional groups (percentage cover) in the low zone were barnacles (4.2%, not shown), ephemeral algae (1.6%) and bare rock (5.4%), although at 2 high-latitude sites bare rock reached almost 30% levels (Fig. 2e) .
Across the study region, kelps increased in primary (holdfast) cover toward the south (r S = -0.776, p < 0.001), particularly south of Matanzas, at 34°58' S (Fig. 2a) . Corticated algae showed more abrupt changes in cover, generally increasing towards the south (r S = -0.437, p > 0.05), but at least 2 northern and 1 central site had exceptionally high cover of Gelidium spp. (El Temblador, Guanaqueros, El Quisco; Fig. 2b ). Cover of crus-26 Table 2 . List of identified genera assigned to the different functional and trophic groups considered. Numbers in parentheses indicate the number of species for a given genus (see 'Methods' for details) Kelps Crustose algae Mussels Carnivores
Ephemeral algae Barnacles tose algae was high (over 50%) at most sites, but a sharp decrease was observed south of Matanzas (r S = 0.810, p < 0.001; Fig. 2c ). Ephemeral algae cover was generally very low and peaked in abundance at 1 site (Guanaqueros; Fig. 2d ). Bare rock cover showed no clear trend across the region (r S = -0.493, p > 0.05; Fig. 2e ). The high bare rock availability observed in the southernmost sites is probably due to periodic sand abrasion (Broitman pers. obs.).
In the mid-intertidal zone, mussel beds (27.9%, mostly Perumytilus purpuratus) and/or rhodophycean corticated algal species (29.6%, mostly Mazzaella laminarioides) dominated the primary and secondary cover (Fig. 3) . Other abundant components of the mid-intertidal landscape were ephemeral algae, which occupied an average of 26.8% primary and secondary cover. Barnacles (not shown) with 7.2%, crustose algae with 6.9%, and bare rock with 10.6% were less prominent components of the mid-intertidal zone when averaged across the study region (Fig. 3) .
Perhaps the most abrupt change in the intertidal landscape across the region occurred in the mid-zone, where mussels changed from being the dominant sessile component of the community south of Los Molles (32°23' S) (r S = -0.740, p < 0.002), to scattered individuals north of this site (Fig. 3a) . The only exception to the mussel-dominated mid-intertidal zone south of Los Molles was found within the marine reserve (ECIM site; solid bar in Fig. 3a) . Another discontinuous change in abundance was observed in corticated algae, which generally achieved higher cover southward from Quintay (33°11' S), reaching on average over 40% cover, compared to less than 20% at most sites north of Los Molles (r S = -0.344, p > 0.05). Exceptions to this pattern were 2 sites in the north (Punta Talca and Puerto Oscuro; Fig. 3b) , where cover of corticated foliose algae reached over 60%. Crustose algae showed overall low abundance at this tidal elevation, with no clear trend across the region (r S = 0.344, p > 0.05), and a local peak within the ECIM (Fig. 3c , solid bar). Ephemeral algal cover (mostly Ulva spp. and Porphyra columbina) generally increased towards the north (r S = 0.674, p < 0.01), reaching a maximal cover of (Fig. 3d) . Bare rock showed overall low cover across the region (r S = 0.124, p > 0.05), with higher values at some but not all northern sites and at 1 southern site (Fig. 3e) . The numerically dominant herbivore groups across the low and mid-intertidal zones were patellid gastropods (47.3 and 65.7%, in the low and mid-intertidal zones, respectively), chitons (29.6 and 9.6%) and fissurellids (11.8 and 4.%). Densities across the region showed a slight decline in abundance at the low intertidal zone of sites from Matanzas southward (r S = 0.171, p > 0.05; Fig. 4a ). An opposite trend was observed in the mid-intertidal zone (r S = -0.379, p > 0.05; Fig. 4b ). Across tidal levels, there was a more than 10-fold increase in herbivore density from the low to the mid-intertidal zones (Fig. 4a,b) , mostly due to the presence of small limpets (i.e. <1 cm shell length) at mid-levels.
Overall, juveniles of the muricid gastropod Concholepas concholepas (< 4 cm peristomal length) and 2 species of Acanthocyclus crabs numerically dominated the carnivore group. No consistent trend in abundance across the region was detected for tidal heights pooled together (Fig. 4c , see 'Methods' for details). A general southward declining trend was observed for the seastar Heliaster helianthus (r S = 0.590, p < 0.02), marked by a rather abrupt absence south of the Bucalemu site (35°40' S, Fig. 4d ), as the species approaches its southern geographic limit (ca 37°S; Castilla 1981).
Correlations among functional and trophic groups
At the local scale (sites), strong and significant negative correlations were detected in the low intertidal zone between the abundance of kelps and crustose algae, and also between that of corticated and crustose algae (Table 3 ). In the mid-intertidal zone, the abundances of ephemeral and corticated algae, and those of barnacles and mussels showed significant negative correlations among sites (Table 3) . Consumer versus resource abundance showed weaker but significant correlations in the low intertidal zone, with herbivore density being negatively correlated to the cover of kelps and corticated algae (Table 3) . A similarly weak, but significantly positive trend was observed between herbivore abundance and the cover of crustose algae in the low zone (Table 3 ). The only significant association between carnivore abundance, including Heliaster, and prey groups was a positive correlation with the cover of mussels in the mid-intertidal zone (Table 3) . No other significant correlations were observed between functional group abundances across sites.
28 Table 3 . Correlations (Spearman's rank, r S ) between functional and trophic group abundances across the 18 sites surveyed. Only the more abundant (i.e. accounting for > 70% of total cover) sessile groups within each tidal height were considered, a dash indicates where the functional group was too scarce in a given tidal level for meaningful correlations (***p < 0.005, **p < 0.01, *p < 0.05) 
Low intertidal zone
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Relationship to oceanographic features
After satellite image analyses (Fig. 5) , we classified 9 sites as directly influenced by coastal upwelling (shaded sites in Figs 2, 3 & 4) , and 8 sites as only weakly affected by upwelling (the site was far from the focal point of upwelling). Due to variation in the pattern of temperature differential at different distances from the coast (difference at 25 km offshore was not significantly negative, but it was at 50 km) and the lack of published studies describing the presence of coastal upwelling in the area, 1 site (Constitución, ~35°S) could not be classified in either of these groups with the available information. This site and the marine reserve (ECIM) were excluded from these analyses. The inclusion of Constitución in the statistical analyses reduced observed probabilities associated to F-ratios of ANOVA and strengthened all significance tests. In the low intertidal zone, primary cover of kelps was significantly higher at sites directly influenced by upwelling (Table 4 ). In the mid-intertidal zone, sites directly influenced by upwelling had significantly higher cover of corticated algae, while ephemeral algae showed a significantly lower cover (Table 4 ). The abundances of other algal functional groups, sessile filterfeeders (cover of mussels and barnacles), herbivores and carnivores were not significantly different between sites with different influences of upwelling.
We examined the geographical structure of significant regional trends in abundance using LOWESS smoothing. The functional groups showing significant associations with SST were kelps and crustose algae in the low intertidal zone, and mussels and ephemeral algae in the mid-intertidal zone. We detected mainly 3 distinct geographical trends. Although kelps and mussels showed southward increases in abundance, they displayed different geographical response patterns. The locally weighted smoother showed a gradual southward increase in kelps (Fig. 6a) , while a sudden drop in abundance was evident for mussels north of 32°S (i.e. 14.5°C; Fig. 6b) . A different response was observed for crustose algae in the low intertidal zone, which showed an asymptotically increasing response to temperature (Fig. 6c) , reaching maximal cover at 33°S (i.e. 13.5°C). Ephemeral algae in the mid-intertidal zone shared the positive response in cover associated with increasing temperature, but showed a much smoother trend (Fig. 6d) . No other clear geographical patterns in abundance were detected in any other functional group examined.
DISCUSSION
The results presented above represent the first quantitative description of intertidal communities over large spatial scales along the coast of central Chile. This intertidal system has been the subject of many experimental studies, but the great majority of them 29 
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have been restricted to a few sites in the central portion of the region encompassed by this study (Camus 1998) . The patterns presented here show that the intertidal communities are not a homogeneous system within central Chile, but rather include directional heterogeneity in the abundance of dominant sessile functional groups, such as kelps and mussels. In what follows, we discuss patterns of functional group abundance in relation to current ideas about the role of species interactions and oceanographic processes in regulating benthic community structure. This analysis provides testable hypotheses about community regulation and, we hope, will stimulate the necessary research to determine how benthic systems are coupled to nearshore oceanography.
Correlations among functional groups
Correlations between abundances of functional groups across sites provide insight into interspecific interactions, such as competition and predation, which may be limiting. For instance, the significant negative correlations found among dominant space occupiers of the low intertidal zone support the idea that competition for space may constrain the abundance of some functional groups, contributing to among-site variability. Corticated algae and kelp holdfast cover were inversely correlated with the cover of crustose algae, which is likely a consequence of the competitive interactions that have been experimentally demonstrated at a few sites in central and northern Chile , Camus 1994 . The existence of significant negative correlations between corticated and ephemeral algae in the mid-intertidal zone may not be the result of direct spatial competition, however. The fact that these functional groups tend to be abundant over different portions of the geographic gradient (i.e. different direction in regional trends) suggests that they respond differently to the wide range of environmental stress (Littler & Littler 1980 ) present across the region. Alternatively, this pattern could be the result of a reversal in competitive hierarchies as ephemeral algae withstand environmental stress (i.e. heat stress, desiccation, nutrient limitation) far better than other algal functional groups (Gaines & Lubchenco 1982 , Steneck & Dethier 1994 . Experiments examining the physiological responses of these functional groups across the region would prove useful for evaluating these hypotheses.
As expected from previous experimental manipulations demonstrating negative competitive interactions between barnacles and mussels in the mid-intertidal zone (Paine et al. 1985 , Navarrete & Castilla 1990b ), a significant negative correlation was detected between these groups. However, the strength of the overall correlation between mussels and barnacles across the entire region was low. To some extent, weak negative correlations could occur because our cover estimates include both primary and secondary substrates (e.g. barnacles settled on mussel shells). However, it seems that the strength of the negative association is weak mostly because the dramatic decline in mussel cover north of Los Molles was not matched by a concomitant increase in barnacle abundance in the mid-zone, as expected from competitive release. If only sites south of Los Molles are considered, the strength of the negative correlation improves and becomes highly significant (r = -0.62, p < 0.001). This suggests that the area of Los Molles, about 32°S, represents an important break in the strength of at least some biological interactions. This hypothesis may be tested by setting up similarly designed competition experiments at a few selected sites north and south of Los Molles, to quantify the intensity of species interactions (e.g. Berlow et al. 1999 , Leonard 2000 .
Significant negative correlations between herbivore abundance and the cover of corticated algae and kelp holdfasts suggest that herbivory may play an important role in determining among-site variability in the abundance of algal groups. Experiments conducted at selected sites in southern, central and northern Chile support this explanation (Jara & Moreno 1984 , Oliva & Castilla 1986 , Santelices 1990 , Camus 1994 . The possibility of strong consumer-resource interactions is further reinforced by the significant positive correlation in the low intertidal zone between herbivore abundance and the cover of crustose algae, mostly calcified forms, which characteristically dominate high herbivory environments (Gaines & Lubchenco 1982 , Steneck & Dethier 1994 . In contrast to the low zone, only weak non-significant correlations were observed at mid-intertidal levels between herbivore abundance and algal functional groups. Lack of strong correlations may be the result of mussel dominance at most sites, a functional group which excludes macroalgae from the primary substratum, or the fact that a high proportion of the macroalgal abundance at this tidal level was accounted for by secondary cover (e.g. on mussels or barnacles), which may provide a refuge from herbivores. In addition, the high herbivore numbers per unit area at mid-intertidal levels are primarily species of small body size, which may not have strong effects on macroalgae.
Lack of significant negative correlations between the abundance of carnivores and of herbivores, mussels or barnacles might suggest that interactions between these groups are not strong along the central Chilean coast. At present, there are no experimental studies testing the effects of top predators on mobile herbi-vores in order to evaluate the interaction between these 2 groups. However, several experimental studies conducted in central Chile have shown strong effects of predators on mussels and barnacles (Paine et al. 1985 , Castilla & Paine 1987 , Durán & Castilla 1989 , which would be expected to generate negative correlations across sites. Nevertheless, predation effects may be stronger in the lower portion of the intertidal zone, and predators could very well be responsible for the near absence of mussel beds and scarce barnacle cover at low tidal levels throughout the region, which would not be evidenced as negative correlations among sites.
Significant positive correlations between carnivores and mussels at mid tidal levels seem primarily due to abundant predatory crabs (Acanthocyclus spp.), which use mussel beds as refuges (Navarrete & Castilla 1990a, authors' pers. obs.) . These results suggest that regional patterns of mussel abundance can drive patterns of other functional groups and emphasize the importance of biogenic structure as refuges in marine ecosystems (e.g. Witman 1985) .
Patterns of abundance of individual functional groups within the marine reserve (ECIM site; solid bars in Figs 2, 3 & 4) highlight the importance of humans as structuring agents in the central Chilean intertidal zone (Castilla 1999) . Permanent exclusion of recreational and subsistence food gatherers from the reserve has led to a landscape in which the low intertidal zone shows reduced cover of corticated algae (Fig. 2) . In contrast, the mid-zone appears dominated by crustose algae and bare rock, with large reductions of corticated algae and particularly mussel cover (Fig. 3) . These patterns suggest that the effects of human predation are more intense in the mid-intertidal zone, which could indirectly affect the strength of both herbivory and carnivory throughout central Chile. For example, human predation on large herbivores (e.g. adult fissurellids; Oliva & Castilla 1986 ) in the mid-intertidal zone may provide an alternative explanation for the lack of strong correlation between herbivores and algal functional groups across sites. Additionally, the continuous removal of the large muricid gastropod Concholepas by humans has undoubtedly altered the intensity of predation across the region, but its consequences on regional patterns of the landscape still need to be assessed through experimental manipulations.
Relationship to oceanographic features
Beyond among-site variability, some of which can be reasonably explained by biological interactions, we observed important variation of community structure that may be associated with some of the prevailing oceanographic features along central Chile. These associations were expressed as smooth gradients across several degrees of latitude, or as abrupt changes occurring within one degree of latitude.
The latitudinal gradient in SST accounted for a considerable amount of the variance in the abundance of kelps, as well as crustose and ephemeral algae across the entire region. A testable hypothesis is that kelp performance is significantly affected by temperature. Numerous studies have shown that low temperature can positively affect reproduction, propagule survival, and growth of kelps (Lüning & Neushul 1978 , Peters & Breeman 1993 , Dayton et al. 1999 , which could account for the observed increase in kelp abundance toward higher latitudes. Studies conducted at a fixed location in the Southern California Bight have shown a strong negative correlation between seawater temperature and nitrate concentrations (e.g. Dayton et al. 1999) . If this relationship applies over latitudinal gradients, then higher nutrient concentrations are expected toward the south of our study region, which, in turn, should favor faster kelp growth rates (e.g. Fujita et al. 1989) . The sharp decline in cover of crustose algae in the low intertidal zone southward of Matanzas may be related to the significant southward increase in the abundance of kelps and corticated algae. Competitive interactions may also be affected by periodic sand burial (Airoldi 2000), which becomes more common south of about 35°S (Santelices 1990, authors' pers. obs.) .
Significant differences in the abundance of key algal functional groups in relation to the presence or absence of strong upwelling provides evidence for the importance of mesoscale oceanographic features in this system. As expected from models of bottom-up regulation of benthic communities (e.g. Menge et al. 1997a ,b, Nielsen 1998 , Leonard et al. 1999 , we observed increased abundance of corticated algae and kelps at sites with stronger upwelling than at sites only indirectly affected by upwelled waters, probably as a response to increased nutrient availability (Fujita et al. 1989 , Nielsen 1998 . The concomitant decline in ephemeral algae in the mid-zone of strong upwelling sites, where corticated algae are abundant (see Fig. 2b  & 3b) , suggests that competitive interactions between these groups can be modified by nutrient availability, but this proposition awaits experimental testing. Contrary to predictions from bottom-up models (e.g. Menge et al. 1997a , Leonard et al. 1999 ), we did not observe the predicted increase in the abundance of filter-feeders at sites of stronger upwelling. Our results suggest that in this benthic system, the phytoplankton to filter-feeder pathway is more complex or less predictable than the pathway from nutrients to macroalgae. Indeed, there exists evidence suggesting that phytoplankton biomass, and therefore food availability, for filter-feeders is lower at focal points of upwelling than at areas some distance away from the recently upwelled waters (e.g. Smith et al. 1966 , Wroblewski 1977 . If this is the case along the Chilean coast, then phytoplankton biomass would vary in complex patterns depending on the intensity of local upwelling and the distance downstream from an upwelling center. These propositions also await further studies and experimentation.
Abrupt changes in the abundance of mussels in the mid-intertidal zone at about 32°S suggest a similarly abrupt change in biological or environmental conditions. While numerous studies have demonstrated the strong influence of key predators such as Heliaster and Concholepas concholepas on mussel abundance (Castilla & Durán 1985 , Paine et al. 1985 , Durán & Castilla 1989 , these predators do not exhibit important increases in abundance (or size, authors' pers. obs.) north of Los Molles (see Fig. 4c,d ). Our direct observations and preliminary experiments also suggest that predation intensity on mussels is not significantly higher at our northern sites, so it is unlikely that predation is responsible for the abrupt geographic break in mussel cover. One potential explanation is the existence of basin-scale changes in the oceanographic conditions that determine the cross-shelf transport of larvae back to the adult habitat. Connolly & Roughgarden (1998) have suggested that the equatorward decrease of mussel abundance along the northeastern Pacific coast is the result of a progressive increase in offshore, wind-driven Ekman transport, which affects the rates of larval return to the benthic habitat. A similar difference in larval delivery rates could be responsible for the low mussel abundance north of 32°S. There, the continental shelf abruptly narrows , Thomas 1999 , potentially reducing coastal water retention. These physical processes should lead to overall lower mussel recruitment rates at sites north of Los Molles. A recent remote sensing study off the central coast of Chile has evidenced a strikingly similar break in chlorophyll a concentration at about 32°S (Thomas 1999) , which is also attributed to basin-scale changes in oceanographic regimes within the region. Breaks in the offshore chlorophyll a concentration also suggest the hypothesis of food limitation as an alternative to, or in combination with, the mussel recruitment limitation north of 32°S. These hypotheses may be tested by quantifying recruitment rates, survival and growth of mussels at sites south and north of Los Molles. The actual oceanographic processes responsible for the coupled breaks in benthic and pelagic systems should be a focus of intense research in the future, for they might represent the driving forces behind abrupt biogeographic discontinuities in coastal areas such as Point Conception (USA), the Cape Peninsula (South Africa) and north of Los Molles (Chile) (Briggs 1974 , Castilla 1981 , Bustamente & Branch 1996 . This study represents the first quantitative description of the intertidal assemblages of the southeastern Pacific and allows a preliminary evaluation of the importance of local ecological processes and how they are modulated by oceanographic features. Further studies on the nearshore oceanography of the region and local experiments contrasting distant sites, particularly north and south of about 32°S, are necessary in order to evaluate causal processes. Based on the patterns presented we suggest that local processes, such as competition and predation, should vary across the region. Some of these processes may change in a smooth, gradual fashion, detectable only when comparing sites toward the extremes of the region, but some are expected to change in an abrupt manner when comparing sites across breaks (i.e. south and north of about 32°S). Characterization of local community interactions within a variable environmental framework is essential for interpreting results of studies conducted at single or few sites. We hope that this analysis will inspire further experimental studies to develop forecasts of community responses to large-scale environmental changes. Castilla [193] [194] [195] [196] [197] [198] [199] [200] [201] [202] [203] [204] [205] [206] [207] [208] 
